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Abstract
We compared neonatal outcomes in twin pregnancies following moderately preterm birth
(MPTB), late preterm birth (LPTB) and term birth. A secondary analysis of a multi-center,
randomized controlled trial of multiple gestations was conducted. MPTB was defined as delivery
between 320/7 and 336/7 weeks and LPTB between 340/7 and 366/7 weeks. Primary outcome was a
neonatal outcome composite consisting of one or more of the following: neonatal death,
respiratory distress syndrome, early onset culture-proven sepsis, stage 2 or 3 necrotizing
enterocolitis, bronchopulmonray dysplasia, grade 3 or 4 intraventricular hemorrhage,
periventricular leukomalacia, pneumonia, or severe retinopathy of prematurity. Among 552 twin
pregnancies, the MPTB rate was 14.5%, LPTB 49.8% and term birth rate 35.7%. The rate of the
primary outcome was different between groups: 30.0% for MPTB, 12.8% for LPTB, 0.5% for
term (p< 0.001). Compared with term neonates, the primary neonatal outcome composite was
increased following MPTB (relative risk [RR] 58.5; 95% confidence interval [CI] 11.3 to 1693.0)
and LPTB (RR 24.9; 95% CI 4.8 to 732.2). Twin pregnancies born moderately and late preterm
encounter higher rates of neonatal morbidities compared to twins born at term.
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In 2005, a workshop sponsored by the National Institute of Child Health and Human
Development (NICHD) developed definitions to replace the common obstetrical phrase,
“near term.” It was felt that “near term” portrayed the impression that these infants are
almost term and safe to deliver. To emphasize that these infants are in fact preterm and often
behave prematurely, the term “late preterm birth” (LPTB) was preferred.1 Moderately
preterm birth (MPTB) commonly includes infants born between 320/7 and 336/7 weeks of
pregnancy, whereas LPTB is typically defined as infants born between 340/7 and 366/7
weeks of pregnancy.2 Although LPTB constitutes 9% of all deliveries, it accounts for 75%
of all preterm births. 3–4 Both neonatal mortality and morbidity including respiratory
distress syndrome (RDS), sepsis, intraventricular hemorrhage (IVH), phototherapy, and
intubation in the delivery room in those born late preterm are increased compared to those
born after 37 weeks. 3
The rate of twins has increased 67% since 1980 mainly due to the increase in late
childbearing age and assisted reproductive techniques.2 Over the last few decades, the rate
of preterm birth among twin pregnancies has risen in parallel from 48% to 60%, with the
largest group comprised of LPTB between 34 to 36 weeks of pregnancy.5 In a recent
randomized placebo-controlled trial to determine whether 17 α-hydroxyprogesterone
caproate decreased the rate of preterm birth in twin pregnancies, the overall rate of preterm
birth was 69.9%.6 Our objective was to analyze and compare neonatal mortality and
morbidity rates of MPTB and LPTB compared with births at term in twin pregnancies to
estimate the magnitude of increased risk associated with these preterm births.
Materials and Methods
This is a secondary analysis of a multicenter, randomized controlled trial of multiple
gestations. Of the 655 twin pregnancies included in the primary study, 325 received 17 α-
hydroxyprogesterone caproate (17P) weekly and 330 received placebo at 16 to 20 weeks
until the end of 35 weeks or delivery. Only twin gestations were included; triplets and
higher-order pregnancies were excluded. There were similar rates in delivery or fetal death
before 35 weeks between groups: 41.5% of pregnancies in women who received 17P and
37.3% in those who received placebo. Our study was approved by the Committee for the
Protection of Human Subjects Institutional Review Board at the University of Texas Health
Science Center at Houston.
In this study, only pregnancies with two liveborn infants and those who delivered after 320/7
weeks were included; those with an intrauterine fetal death were excluded. MPTB was
defined as delivery between 320/7 and 336/7 weeks and LPTB between 340/7 and 366/7
weeks.1 Term delivery was defined as delivery 370/7 weeks or greater of pregnancy.
Neonatal outcomes were compared between groups based on gestational age categories (i.e.,
MPTB versus LPTB versus term birth).
The primary outcome was a composite outcome of serious adverse events defined as one or
more of the following outcomes per pregnancy: neonatal death, RDS, early onset culture-
proven sepsis, stage 2 or 3 necrotizing enterocolitis (NEC), bronchopulmonary dysplasia
(BPD), grade 3 or 4 IVH, periventricular leukomalacia (PVL), and severe retinopathy of
prematurity (ROP). Secondary outcomes included a respiratory composite consisting of one
or more of the following outcomes per pregnancy: RDS, transient tachypnea of the newborn
(TTN), need for mechanical ventilation (MV), or need for oxygen supplementation. Other
secondary outcomes included 5-minute Apgar score <7, pneumonia, seizures, patent ductus
arteriosus, neonatal intensive care unit (NICU) admission, length of longest NICU stay,
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TTN, MV, duration of MV, duration of supplemental oxygen. Maternal demographics
including maternal age, race and ethnicity, rate of indicated preterm birth prior to 35 weeks
of pregnancy, rate of nullitparity, and mode of delivery of twins with MPTB and LPTB were
compared with term births. Confounding factors including rate of antenatal corticosteroid
use (ACS), rate of preterm premature rupture of membranes (PPROM), and rate of
preeclampsia or gestational hypertension were also evaluated.
For the primary study, strict definitions were used for the diagnosis of neonatal outcomes.5
An infant was considered to have RDS if the infant was diagnosed with type 1 RDS and
required oxygen therapy (FiO2≥0.40) for greater than or equal to 24 hours or if the infant
died before 24 hours of age and received a clinical diagnosis of RDS type 1 and oxygen
therapy (FiO2≥0.40). The clinical diagnosis of RDS type 1 included hyaline membrane
disease and respiratory insufficiency of prematurity, but not TTN. The clinical diagnosis of
RDS Type II included TTN. TTN was defined as an infant weighing > 1000 grams and
requiring oxygen therapy and/or MV during the first 24 hours of life but not demonstrating
evidence of other causes of respiratory distress such as hyaline membrane disease. The
duration of MV was the total days on the mechanical ventilator, including multiple periods
on the ventilator. This did not include continuous positive airway pressure (CPAP) or cycled
CPAP. The duration of oxygen supplementation was the total days that the infant received
supplemental oxygen (FiO2>0.21). This did not include “blow by” oxygen administration. A
pregnancy was considered for NICU admission if either of twins was admitted to the NICU.
The length of stay for the NICU was defined as the longer length of stay for either twin.
Likewise, the length of MV or supplemental oxygen was defined as the longer length
required for either twin. All outcomes used for primary composite outcome, secondary
respiratory composite, and other secondary outcomes were collected in the primary trial for
all subjects.5
The analyses were conducted by twin-pair using the worse outcome for each pair as the
outcome of interest. Continuous variables were compared using the Kruskal-Wallis test.
Categorical variables were compared using the Cochran-Armitage trend test. The relative
risk (RR) for the primary outcome composite and the respiratory composite was compared
between twins with MPTB to term birth, and between twins with LPTB to term birth, and
adjusted for ACS exposure and cesarean delivery. A p value of <0.05 was considered
significant.
Results
In the primary study, there were 655 twin pregnancies analyzed. Preterm birth less than 32
weeks of pregnancy occurred in 15.7% (n=103) and were thus excluded from this secondary
analysis. Among the 552 remaining twin pregnancies included in this analysis, the MPTB
rate was 14.5% (n=80), the LPTB rate was 49.8% (n=275), and the term birth rate 35.7%
(n=197; Fig. 1).
Women in all groups had similar maternal age, race and ethnicity, and rate of nulliparity as
described in Table 1. The rate of the primary outcome was progressively higher in those
twins with MPTB and LPTB compared to term, (MPTB 30.0% versus LPTB 12.8% versus
term births 0.5%, p<0.001; Table 2). Compared to term neonates, the primary neonatal
outcome composite was increased following MPTB (RR 58.5; 95% confidence interval [CI]
11.3 to 1693.0) and LPTB (RR 24.9; 95% CI 4.8 to 732.2). The rate of the secondary
respiratory composite was also progressively higher in twins with MPTB and LPTB
compared with term births (MPTB 67.5% versus LPTB 33.8% versus term births 8.1%, p <
0.001; Table 3). The respiratory outcome composite was increased following MPTB (RR
8.3; 95% CI 5.1 to 13.6) and LPTB (RR 4.2; 95% CI 2.5 to 6.9) compared to term neonates.
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Most of the differences in neonatal outcomes were respiratory morbidities. RDS contributed
the greatest effect to the primary outcome. Both MPTB and LPTB twins had significantly
higher rates of RDS, neonatal sepsis, TTN, MV, and NICU admissions compared with term
births. Additionally, the lengths of NICU stay, MV, and supplemental oxygen were
significantly longer in those twins with MPTB and LPTB compared with term births.
Confounding factors such as the rates of exposure to ACS and preeclampsia or gestational
hypertension were significantly higher the earlier the gestation (Table 4). The highest rate of
PPROM occurred in the LPTB group. There were no differences between groups in the rate
of cesarean delivery.
There were no cases of severe ROP, stage 3 or 4 IVH, or PVL. There was only one case of
BPD, stage 2 or 3 NEC, seizures, and neonatal death within the preterm groups. There were
no differences between groups in the rate of pneumonia.
Discussion
In this secondary analysis, twin pregnancies with MPTB and LPTB encountered
significantly higher rates of neonatal morbidities than those born at term. In our study, the
rate of MPTB was 14.5% and LPTB 49.8%. Our study confirms that there is an increased
rate of morbidity among these preterm twin infants compared to term infants. But the
emphasis in morbidity is primarily respiratory, with a fourfold increase risk among LPTB
twins and an eightfold increase risk among MPTB twins. Even so, these respiratory
complications appear temporary, as demonstrated by the short length of MV and
supplemental oxygen needed by the preterm infants.
The morbidities seen among twins delivering prematurely in our study are similar to other
studies involving only singleton pregnancies. Prior reports show that singleton infants born
moderately and late preterm have higher rates of both short-term and long-term morbidities
compared to those born at term.7–9 In addition, these infants are at significantly higher risk
of re-hospitalization even when discharged home in healthy condition. 8, 9 The rate of RDS
in singleton pregnancies ranged from 7.4 to 28.9% at 34 weeks compared to 0.6 to 4.2% at
term.1, 10–14 MV was required more often in those with LPTB (3.3 to 19.8%) compared to
term births (0.5 to 4%).3, 11,12, 15
Over the last few decades, the rate of preterm birth among twin pregnancies has risen from
48 to 60%, with the largest group comprised of LPTB between 34 and 36 weeks of
pregnancy.5 From 1990 to 2005, the rate of LPTB has steadily increased 3% per year from
22.6 to 32.2 per 1000 births in the United States.5 The rate of twins has increased 67% since
1980 mainly due to the increase in late childbearing age and assisted reproductive
techniques.2 Like singletons with MPTB and LPTB, twins born moderately or late preterm
have an increase in morbidity including respiratory complications, NICU admissions,
temperature instability, hypoglycemia, and feeding difficulties.2
From an epidemiological perspective, there has been a trend toward delivering infants earlier
in gestation leading to the alarming increase in rate of LPTB.4 Our study confirms that twins
with MPTB and LPTB have an increased rate of neonatal morbidity. The greatest magnitude
in risk among these preterm infants is primarily pulmonary in etiology. The respiratory
composite was designed to assess frequency in pulmonary complications but has a wide
range in severity. Both RDS and TTN are included in this composite. Despite the strict
definition used to define RDS and TTN, the diagnosis may still be subject to clinical
opinion. Although RDS and TTN are typically mutually exclusive, it is possible that such
cases can be explained by progressive improvement of an infant from RDS to TTN, in
which case the infant would count for each diagnosis. Although this could falsely influence
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the respiratory complication rates, such perceived discrepancies should be resolved by the
inherent nature of the respiratory composite. Even so, the respiratory complications seen in
our study appear temporary, as demonstrated by the short length of MV and supplemental
oxygen needed by the preterm infants.
Overall, the fetal mortality rate, late fetal deaths (>28 weeks), infant deaths, and neonatal
deaths (all per 1000 births) have all decreased over the past 25 years.5, 16 Importantly, the
fetal mortality rate has declined slowly and steadily. The majority of this decline has been in
late fetal mortality with little change in the early fetal mortality rate.5 Our study indicates an
increase in respiratory morbidity in MPTB and LPTB compared with term births. Although
it is possible that changes in obstetric practice patterns regarding timing of delivery can
reduce the stillbirth rate at the expense of increasing the LPTB rate and neonatal respiratory
complications, our study was not designed to answer this question.
There are both strengths and weaknesses to this secondary analysis. Strengths included the
large sample size within this multicenter diverse study. Our study did find low rates of major
morbidities. This could be reflected by the pregnancies participating in large tertiary care
institutions that have the capability of monitoring the pregnancies closely and are equipped
with skilled neonatal expertise. Thus, our findings may not be generalizable to all twin
gestations delivering within these preterm groups in other clinical settings.
In summary, there is a high rate of MPTB and LPTB among twin pregnancies. These
preterm infants have up to an eightfold increase risk of respiratory morbidities compared
with term infants. However, these pulmonary complications appear to be mild and
temporary. Such information may be valuable for health care providers in counseling
women at risk of delivering moderately or late preterm. Future studies are needed to
investigate further the impact of MPTB and LPTB in twin pregnancies.
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Proportion of twin pregnancies delivering moderately preterm, late preterm and at term.
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